INTRODUCTION
Amine-containing polymers such as poly (lysine) (6, 7) , poly (ethyl amine) (PEl) (8), and poly (amidoamine) dendrimers (9) are positively charged at physiological pH and form ion pairs with DNA. In spite of their common use, cationic polymers such as poly (lysine) and PEl were found to be significantly cytotoxic (6, 10, 11) . For use in vivo, researchers have pursued the synthesis of degradable polyesters bearing polymers to develop safe alternatives to existing polymer vectors and other functionalized biomaterials. Such polymers were found to condense plasmid DNA through electrostatic interactions and mediate gene transfer and eventually degrade into nontoxic metabolite (12) (13) (14) (15) .
Zwitterionic latex particles with different sets of tethers have shown ability in the past to associate with surfaces even under difficult conditions (16) . This was shown to be due to the ability of the tethers to conform to surfaces encountered: complementary ones reaching out to the surface and antagonistic ones pulling out (17) . It was thought that these zwitterionic latex particles can also be effective in transporting DNA to desired targets and in sufficient transfection.
In this work the effectiveness of the zwitterionic latex particles as a gene carrier vector was tested. Since zwitterionic latex possesses both positive and negative tethers on it., surface, it can be expected to protect the entrapped DNA from immune response in addition to facilitating its sustained release. The capability of zwitterionic latex to uptake DNA and the strength of the interaction was investigated along by selected surface characterization tests, namely, light scattering, electrophoresis, and adsorption/desorption. Plasmid, pCMV.SPORT betagalactosidase, has been used as a marker gene.
MATERIALS AND METHODS
The development of effective gene therapy techniques depends among other things on efficient transport and expression of genes. Although most of the DNA delivery systems reported so far have focused on naked DNA and viral (I, 2) or nonviral (3, 4) vector-mediated systems, their utility is often limited by low-level gene expression, particularly that largely restricted to a single tissue. The clinical applications of viral-mediated systems, on the other hand, have been delayed due to safety issues such as mutagenic potential and immunogenicity. Recent efforts have, therefore, been focused on designing new formulations of DNA with various substances, such as lipids, polysaccharides, peptides, gold particles, proteins, polymers, and liposomes. All of the above systems deliver DNA as a single bolus, without the desired long-term slow release. Sustained-release DNA delivery, in addition to providing controlled release, should also protect the entrapped DNA from degradation nucleases for prolonged release at the desired site.
Cationic polymers have been widely used as transfection vectors due to their capability of complexing with DNA and protecting its negatively charged strands from immune response (5).
Zwitterionic spherical latex particles stabilized in solution by different charge groups present on the surfaces were obtained from Interfacial Dynamics Corporation. Plasmid pCMV-SPORT-fJgal was purchased from Gibcobrl Life Technology.
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(~2 tions of DNA. were washed thoroughly with 10-3 M KNO3 to remove any loosely adsorbed DNA on the surface and then dispersed in 10-3 M KNO3 solution. pH was adjusted by using HNO3 and NaOH.
The surface properties of latex particles were characterized before and after interaction with DNA, by zeta potential and light-scattering measurements. The reversibility of the DNAlatex interaction was tested by studying desorption, followed by zeta potential measurements.
Light Scattering
After adsorption, the latex particles were separated by the method mentioned above and then dispersed in fresh phosphate buffer for light-scattering studies. The diameter and polydispersity index (PI) of the particles were measured by a photon correlation spectrometer Brookhaven BIC model. All of the experiments were performed at 90°.
Adsorption
Zwitterionic latex particles 5-ILI aliquots [1.1 x 109 particles] were allowed to interact with DNA having molecular weight 5,182,980 at different concentrations of (0.5-5 ILg in 1 ml of phosphate buffer at pH 7.0) for I h after which the latex particles were separated by centrifugation, and the concentration of DNA left in the supernatant was measured at 260 om using a Shimadzu UV -240 spectrophotometer.
RESULTS AND DISCUSSIONS ""
Zwitterionic latex/DNA complexes were examined by several methods to test their interactions with each other. The surface charge of a complex is one of the most important parameters that determine its interactions with cell membranes and entrance into the target cells. The zeta potential of the DNA-latex complexes is shown in Fig. 1 as a function of pH along with that of the original particles. The isoelecbic point of latex particles was pH 6.5. As the DNA concentration increased, the zeta potential of the particles became more and more negative, and at 5 JLg of DNA, the surface charge was found to be negative in the entire pH range studied. This indicates that all of the positive sites of the latex particles have been occupied by DNA at the 5-JLg level.
The results of adsorption studies done to quantify the amount of DNA required to saturate latex particles and desorption experiments performed to understand the strength of the interaction
Desorption
The DNA adsorbed latex particles were washed with phosphate buffer and then dispersed in I ml of fresh phosphate buffer and equilibrated for I h. Subsequently the latex particles were separated by centrifugation, and the desorbed amount of DNA left in the supernatant was measured at 260 om.
Latex particles, which were allowed to interact with 5 /.Lg of DNA, and after washing, were allowed to undergo desorption for 24 h in phosphate buffer at pH 7.0, were separated from the solution as discussed above and redisperssed in 10-3 M KNO3 for zeta potential measurements.
Zeta Potential
The zeta potential of latex particles was measured using a Zeta meter-3. Latex particles, after adsorption at different concentra- between latex and DNA are given in Fig. 2 . As the DNA concentration increased the adsorption increased and reached a plateau at a concentration of 3 JLg. No further increase in adsorption was observed at higher levels of DNA, indicating that 3 JLg of DNA is enough to saturate all of the positive sites of 5 JLI of zwitterionic latex. The adsorption curve follows the Langmuir-type adsorption behavior, suggesting monolayer adsorption.
As is evident from the desorption curve, the adsorption of DNA onto latex is irreversible in nature. At low DNA concentrations almost no desorption was observed, and even at high concentrations, only 15% desorption was found to occur. This suggests that the DNA-latex interaction is ilTeversible in nature.
To further check the irreversibility of DNA uptake by the latex, the zeta potential was measured after desorption and the results obtained are given in Fig. 3 along with the zeta potential of the latex particle before and after interaction with 5 JLg of DNA for the purpose of comparison. The results show that after 24 h of desorption only a minute decrease in the zeta potential value was observed, supporting the observation that the adsorption of DNA on to latex particles is irreversible in nature. From our cell transfection essay it was also found that latex particles could transfer DNA successfully to the cell. This suggests that the zwitterionic latex is capable of protecting DNA and transfering it to the required site.
To determine whether the DNA adsorption produced any undesirable aggregation of latex particles, a light-scattering study was performed and the results are illustrated in Fig. 4 . With increasing DNA concentration only a marginal increase in the particle size and polydispersity index was observed, suggesting that DNA does not induce aggregation. From the polydispersity index also it is clear that zwitterionic latex particles are still monodisperssed with no aggregates even after interaction with DNA at the highest concentration. 
CONCLUSIONS
Interaction of DNA with the latex particles caused the zeta potential of the latter to become more negative. Desorption studies and zeta potential measurements after desorption showed the uptake of DNA by the latex to be irreversible in nature. This study thus shows that DNA interacts with the zwitterionic latex particles. Due to the presence of negative tethers on the latex surface, it has the capability to protect DNA from undesirable interactions. This system has considerable potential to act as an effective gene delivery vector due to the presence of both positive and negative hairs on the surface.
